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1.0  INTRODUCTION 


The*  following  report  details  tin*  progress  on  ONR  Contract  Number  N-OOOM- 
$6-(  -0121  during  the  period  from  l  July  1080  to  30  Septmuher  1980.  TnW  program 
entails  a  joint  effort  between  Research  Triangle  Institute  and  North  Carolina  State 
University.  Funding  is  being  provided  by  the  Innovative  Science  and  Technology 


Office  of  the  Strategic  Defense  Initiative. 

The  Gen  2  remote-plasma  reactor  system  is  on  line  at  RTI.  Work  has  begun  in 
this  system  on  the  deposition  of  oxide,  nitride,  and  oxide  nitride  oxide  MOS  struc¬ 
tures.  These  structures  show  improved  charge  to  breakdown  characteristics  over 
previously  reported  structures  grown  in  the  original  RTI  remote-plasma  reactor. 
Enhancement  mode  n-channel  MOSFETs  have  been  fabricated  using  an  all-low 
temperature  process  (<  600 *C).  These  results  arc  described  in  Section  3. 
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2.0  NEW  ULTRA-HIGH  PURITY  REMOTE  PLASMA 
DEPOSITION  SYSTEM 

V  new  ultra-high  purity  (UUP)  deposition  system  is  now  on  line  nml  operating 

at  RTl.  This  reactor  takes  advantage  of  the  insights  we  have  gained  into  the  oxide 

and  nitride  deposition  processes.  The  reactor  has  an  all  quart'/,  deposition  region  for 

high  purify,  and  a  long  flow  tube  type  design  to  minimize  eddie  current  flows.  The 

all-quartz  construction  of  the  reaction  zone  allows  us  to  use  external  heaters  to  heat 

the  sample,  which  greatly  simplifies  the  internal  construction  of  the  reactor  and 

♦ 

eliminates  many  sources  of  contamination.  The  reaction  zone  is  heated  with  infra¬ 
red  lamps.  This  radiation  should  couple  very  well  into  any  water-related  bypro¬ 
ducts  and  help  to  drive  them  off  of  the  reactor  walls  so  they  can  be  transported  out 
of  the  reaction  zone.  The  gas  delivery  lilies  are  very  short  to  minimize  contamina¬ 
tion  from  the  lines,  and  each  gas  will  be  filtered  at  its  injection  point  with  a  .05 
micron  filter.  All  metal  sealed  leak  valves  arc  used  for  flow  control  so  that  the  gas 
lines  are  entirely  UHV  compatible  and  bakcable.  The  system  provides  much  lati¬ 
tude  for  adjustment  of  sample  position  and  plasma  region  position.  We  believe  this 
system  will  allow  us  to  make  major  strides  in  the  development  of  high-quality, 
highly  reliable  dielectrics. 

Already  the  new  system  is  proving  its  viability  in  the  area  of  nitride  deposi¬ 
tion.  The  charge  to  breakdown  data  shown  in  Figure  1  is  from  a  nitride  deposited 
at  300  *C  in  the  new  system.  This  nitride  film  passed  a  total  charge  of  over  ‘100 
C/cm 2  before  breaking  down.  The  total  voltage  shift  was  less  than  0.1  Volt. 
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FIGURE  Is 


Time  dependent  breakdown  measurement  for  S13N.1  film  (~  10  nm 
thick)  deposited  at  300  0  G  using  the  new  ultra-high  purity  reactor. 


The  lu"l  nHritli*  films  mil  of  the  original  reactor  had  total  charge  to  breakdown 
values  of  I  C'/cnV*.  This  exciting  new  result  we  attribute  to  the  overall  improved 
purity  in  the  new  reactor. 

2.1  UHP  Oxide  Deposition 

Deposition  studies  of  Si02  have  been  initiated  in  the  UHP  system  at  RT1.  So 
far  deposition  runs  have  been  carried  out  at  300  *C.  Various  conditions  have  been 
used  ns  shown  in  Table  1. 

Figure  2 ‘shows  CV  data  from  an  MOS  capacitor  fabricated  on  wafer  2-0623S9- 
1.  This  particular  run  incorporated  nitrogen  ns  a  process  gas  in  an  attempt  to 
deposit  and  oxynitride  film.  Auger  analysis  indicated  no  detectable  nitrogen.  How¬ 
ever,  the  interface  state  density  measured  on  this  sample  is  very  low, 

1  X  10,0cm“2eV"’1.  This  oxide  is  on  the  order  of  8.5  mn  thick.  Charge  to  break¬ 
down  measurements  on  this  material  indicate  a  charge  tolerance  level  of  0.2  Ccm”2 
before  breakdown.  The  change  in  voltage  to  maintain  the  current  throughout  the 
measurement  was  only  30  mV.  This  result  represents  a  100  fold  improvement  in 
the  charge  to  breakdown  characteristics  of  the  oxide  films.  These  capacitors  have 
Aluminum  Electrodes.  This  charge  to  breakdown  tolerance  is  good  for  SiOo  MOS 
structures  with  Al  electrodes. 

Data  from  other  oxide  deposition  runs  with  other  parameters  are  shown  in  Fig¬ 
ures  3  and  4.  At  this  point  the  films  are  consistently  yielding  charge  to  breakdown 
values  of  0.2  Ccm-2. 
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FIGURE  3: 


Charge  to  breakdown  measurement  on  an  oxide  structure  deposited 
in  the  UHP  deposition  reactor. 
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TIME  DEPENDENT  BREAKDOWN  <TDB> 
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FIGURE  4: 


Charge  to  breakdown  measurement  on  an  oxide  structure  deposited 
in  the  UHP  deposition  reactor. 


2.3  UHP  Nitride  Deposition 


Deposition  studies  of  Fi^N  |  have  been  initialed  in  the  UHP  system  at  RTL  So 
far  deposition  runs  have  been  carried  out  at  300*0.  Various  conditions  have  been 
used  ns  shown  in  Table  1. 

We  have  found  that  the  deposition  temperature  of  the  nitride  is  very  impor¬ 
tant  to  its  electrical  performance.  This  same  feature  was  noted  in  the  nitride  depo¬ 
sition  studies  carried  out  in  the  original  RTl  react©  .  kt  the  original  RTl  reactor, 
d00*C  was  the  temperature  which  yielded  the  best  films  //rom  the  electrical  stand¬ 
point.  In  the  UHP  system,  nitride  films  have  been  dejwsited  at  300*  C  which  sur¬ 
pass  the  performance  of  the  original  system  nitrides. 

Charge  to  breakdown  measurements  for  ether  nitride  samples  are  shown  in 
Figures  5  and  0. 


2.3  UHP  Oxide-Nitride-Oxide  Insulator 


An  oxidc-nitridc-oxide  composite  insulator  structure  has  been  deposits  h>  #he 
UHP  reactor.  This  structure  consists  of  approximately  3.5  nm  of  oxide,  followed  by 
15  nm  of  nitride,  Finally  ?©B<md  by  ?J»  mu  of  oxide,  O-V  characteristics  shown  in 
figure  22  indicate  that  this  structure  has  a  midgap  interface  state  density  of  about 
K51Jem''‘VV~l.  There  la  no  hysteresis  in  th-.  high  frequency  data.  The  equivalent 
oxide  thickness  h  18,o  nm,  This  structure  supports  a  voltage  of  19.5  V  at  a  current 
of  1  microamp,  for  an  oxide  structure  of  equivalent  capacitance  this  would 
represent  a  He  id  of  M,2  MVcm'1.  This  structure  can  support  a  current  of  a 
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TABLE  1: 


Deposition  Rate  Under  Which  Oxides  Wefe  Deposited  and 
Corresponding  Electrical  Characteristics 


SAMPLE 

NO. 

DEPOSITION 

RATE 

nm/min 

MIDGAP 

Du 

(cm"2  ev"1) 

CHARGE  TO 
BREAKDOWN 

(C  cm”2) 

11 1888-2 

1.12 

2.9  X  10l° 

1.2  X  10“3 

112188-1 

0.16 

4.3  X  10l° 

1  X  10~2 

112188-2 

0.18 

4.5  X  10l° 

Could  Not  Measure 

112288-2 

1.24 

2.2  X  10‘° 

3  X  10“2 
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FIGURE  5:  Charge  to  breakdown  measurement  for  nitride  structures  deposited 
at  300  *  C  in  the  IMP  deposition  reactor. 
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TIME  DEPENDENT  BREAKDOWN  <T08) 


FIGURE  6:  Charge  to  breakdown  measurement  for  nitride  structures  deposited 
at  300  *  C  in  the  UHP  deposition  reactor. 


micro-amp  at  an  oxide-equivalent  Held  of  1-1.2  MV/cm.  The  charge  to  breakdown 
for  this  structure  is  on  the  order  of  0.6  Ccm  '2,  (see  Figure  7). 
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t  FIGURE  7:  C-V  characteristics  of  O-N-O  structures  deposited  sequentially  in 

I  the  UHP  deposition  reactor. 
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3.0  FET  FABRICATION 

Inversion  mode  n  channel  Si  MOSFETS  have  been  fabricated  using  the 
H  RPECVD  oxide.  The  maximum  pronging  temperature  was  a  (K)0/(dcC  anneal  of 

■  the  implanted  source  drain  regions.  The  IV  characteristics  arc  shown  in  Figure  S. 
At  a  gate  length  of  2  microns  the  trausconduetanee  of  the  transistors  was  about  -SO 

■  mS/mm.  The  gain  is  limited  principally  by  the  source  drain  contact  resistance. 

I  Capacitors  were  also  fabricated  on  chip  with  the  FETs.  This  gives  some  idea  or  the 

_  effect  of  the  combined  processing  steps  on  the  (juality  of  the  oxide-Si  interface. 

The  CV  characteristics  arc  shown  in  Figure  9.  The  interface  state  density  for  the 
I  structure  is  in  the  mid  lO^em^cV1  range. 


14 


SAMPLE  ID  i  1 -Si 02-00 1508-2-Si 

FILENAME  »  1  •001589.2^4  TEST  DATE  u  08/10/09 

CATE  WIDTH  »  5.00E-2  mm  RAMP  RATE  i  1.0  «V/S 

CATE  LENGTH  i  2.00E-3  mm  CATE  START  i  0  Volt# 

MAX  CAIN  -  g*  »  7.90EI  mS/mm  CATE  STEP  «  .50  Volt# 


4.0  SUMMARY 


The  new  ultra-high  purity  deposUmi  system  has  been  brought  an  line  anti  is 
being  exercised.  This  system  has  already  shown  the  capability  of  improving  the 
quality  ©f  the  deposited  oxide  and  nitride  films.  The  charge  to  breakdown  toler¬ 
ance  of  the  oxide  films  has  improved  by  an  order  of  magnitude,  and  the  tolerance 
of  the  nitride  films  has  improved  by  2  orders  of  magnitude  over  films  deposited  In 
the  original  RT1  reactor. 

Inversion  mode  n-channel  MOSFETs  have  been  fabricated  with  an  all  low  tem¬ 
perature  process  (<  000*0),  which  have  transconductances  of  80  mS/mm. 
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